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ABSTRAK 
Kajian ini akan cuba mengatasi kecenderungan kuprus iodida (CuI) untuk bersatu, cepat 
merosot, dan mudah tertanggal melalui teknik koordinasi kimia antara CuI dengan ligan 
organik alifatik yang dikenali sebagai N,N,N',N'-tetramethylethylenediamine (TMEDA). 
Pepejal kristal daripada kompleks CuI dengan TMEDA telah berjaya disintesis daripada 
larutan tepu dan homogen CuI dalam pelarut asetonitril. Pepejal yang disintesis berwarna 
coklat tetapi berubah dengan cepat menjadi pepejal biru gelap apabila terdedah kepada 
udara, menandakan sifat sensitif udara sebatian tersebut. Analisis FTIR mengesahkan 
kehadiran kumpulan berfungsi CH2 dan CH3, manakala analisis EDX mengesahkan 
stoikiometri Cu2I2Tmeda2 kompleks terbabit. Puncak diffractogram sinar-X 
mengesahkan sifat pelbagai-kristal pepejal yang bertambah baik melalui pemanasan 
sederhana pada suhu 80 °C selama 15 minit. Kristalogri sampel merosot pada suhu 150 
°C menunjukkan perubahan fasa telah berlaku melalui pengoksidaan CuI ke CuO. 
Kehadiran puncak diffractogram berorientasi (111) dan (200) menunjukkan pengekalan 
struktur CuI dalam sebatian. Pemerhatian FESEM menunjukkan sampel FTO bersalut 
seragam serta mengandungi butiran berbentuk monoklinik bertepatan dengan laporan 
sebelumnya, manakala saiz zarah agglomerasi ialah 3.03 μm. Pemerhatian TEM 
mendedahkan nanopartikel TMEDA berbentuk spherikal dan aglomerasi melindungi 
nanopartikel CuI yang lebih kecil. Spektroskopi optic menunjukkan penyerapan UV yang 
baik, ketelusan yang tinggi ke atas julat penglihatan, dan tenaga jurang band terus ~2.4 
eV dengan suhu penyepuhlindapan pada 90 °C. Menggandakan kepekatan larutan 
menurunkan tenaga jurang band sebanyak 0.24 eV. Spektroskopi impedansi 
menunjukkan model penggabungan resapan dengan ciri Warburg berfrekuensi rendah, 
rintangan pengangkutan lubang 190 Ω, rintangan rekombinasi 5.73 kΩ, dan jangka hayat 
elektron selama 3.16 μs yang bertambah baik sebanyak dua julat magnitud apabila 
kepekatan diganda. Hasil kajian menunjukkan bahan berpotensi sebagai medium 




This study will attempt to overcome the strong tendency of cuprous iodide (CuI) to 
coalesce, rapidly deteriorates, and detaches from interfacial contacts by chelating the CuI 
with an aliphatic organic ligand known as N,N,N’,N’-tetramethylethylenediamine 
(TMEDA). Crystalline solids of CuI complexes with TMEDA is successfully synthesized 
from the saturated and homogenous solution of CuI in acetonitrile. The brown solids 
quickly turned to dark-blue once exposed to air indicating the air-sensitive nature of the 
compound. The FTIR confirms the presence of CH2, and CH3 functional group, while 
EDX analysis confirms the Cu2I2Tmeda2 stoichiometry of the complex compound. X-ray 
diffractogram peaks confirm the multi-crystalline nature of the solid which improved 
after 15 minutes of moderate heating at 80°C. Sample loses its crystallinity at 150 °C
suggesting a phase transition due to oxidation of CuI to CuO. The sharp peaks at (111) 
and (200) orientations remained after the complexation demonstrating that some of the 
CuI structure is retained. The FESEM observation shows the presence of monoclinic 
shaped grains as reported in the literatures, with an average agglomerated grain size of 
3.03 μm as well as more uniform FTO coverage than the bare CuI sample. TEMs 
observation reveals the spherically shaped and agglomerated TMEDA nanoparticles 
shielding the much smaller CuI nanoparticles. Optical spectroscopy indicates good UV 
absorbance, high transparency over the visible range, and direct band gap energy of ~2.4
eV at an annealing temperature of 90 °C. Doubling the solution concentration lowers the
band gap energy by ~ 0.24 eV. Impedance spectroscopy suggest a diffusion-
recombination model with low frequency Warburg feature, hole transport resistance of 
190 Ω, recombination resistance of 5.73 kΩ, and electron lifetime of 3.16 μs which 
improves by two orders of magnitude when the concentration doubles at 0.5 V forward 
bias. The findings suggest this material is potentially useful as hole transport medium. 
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Cu+ Copper Cation 
CuI Copper(I) Iodide / Cuprous Iodide 
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DC Direct Current 
De Diethyl 
DMG Diffraction Grating Monochromator 
DMSO Dimethyl sulfoxide (basic solvent) 
DSSC Dye-Sensitized Solar Cell 
EDL Electrical Double Layer 
EDS Energy Dispersive X-Ray Spectroscopy 
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ETL Electron Transport Layer 
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FESEM Field Emission Scanning Electron Microscopy 
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FTIR Fourier Transform Infrared Spectroscopy 
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MOF Metal Organic Framework 
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OLE Organic Liquid Electrolyte 
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RE Reference Electrode 
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SC Spin Orbit 
SCN- Thiocyanate anion 
Si Silicon 
SMN Supramolecular Network 
SSDSSC Solid-State Dye-Sensitized Solar Cell 
TADF Thermally Activated Delayed Fluorescence 
TCO Transparent Conducting Oxide 
TEM Transmission Electron Microscopy 
TL Transmission Line 
TMEDA N,N,N’,N’-tetramethylethylenediamine 
UV Ultra-violet 
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Vis Visual 
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141 
REFERENCES 
Abeyweera, S. C., & Sun, Y. (2017). Ternary silver chlorobromide nanocrystals: intrinsic 
influence of size and morphology on photocatalytic activity. Materials Chemistry 
Frontiers, 1(8), 1534-1540. doi:10.1039/C7QM00046D 
Ahmed, I., Fakharuddin, A., Wali, Q., Bin Zainun, A. R., Ismail, J., & Jose, R. (2015). 
Mesoporous titania-vertical nanorod films with interfacial engineering for high 
performance dye-sensitized solar cells. Nanotechnology, 26(10), 105401. 
doi:10.1088/0957-4484/26/10/105401 
Ahn, D., & Park, S.-H. (2016). Cuprous halides semiconductors as a new means for highly 
efficient light-emitting diodes. Scientific Reports, 6, 20718. doi:10.1038/srep20718 
Albery, W. J., Elliott, C. M., & Mount, A. R. (1990). A transmission line model for modified 
electrodes and thin layer cells. Journal of Electroanalytical Chemistry and Interfacial 
Electrochemistry, 288(1), 15-34. doi:10.1016/0022-0728(90)80022-X 
Albery, W. J., & Mount, A. R. (1994). Dual transmission line with charge-transfer resistance for 
conducting polymers. Journal of the Chemical Society, Faraday Transactions, 90(8), 
1115-1119. doi:10.1039/FT9949001115 
Amalina, M. N., Zainun, A. R., Rasheid, N. A., & Rusop, M. (2012). The Electrical Conductivity 
of Copper (I) Iodide (CuI) Thin Films Prepared by Mister Atomizer. Paper presented at 
the IEEE International Conference on Sustainable Energy, Kuala Lumpur, Malaysia. 
Apostolopoulou, A., Margalias, A., & Stathatos, E. (2015). Functional quasi-solid-state 
electrolytes for dye sensitized solar cells prepared by amine alkylation reactions. Rsc 
Advances, 5(72), 58307-58315. doi:10.1039/c5ra08744a 
Aslam, M., & Kong, X. Y. (2016). A lithium ion conductor in Li4SiO4-Li3PO4-LiBO2 ternary 
system. Solid State Ionics, 293, 72-76. doi:10.1016/j.ssi.2016.06.010 
Atwater, H. A., Thompson, C. V., & Smith, H. I. (1988). Ion‐bombardment‐enhanced grain 
growth in germanium, silicon, and gold thin films. Journal of Applied Physics, 64(5), 
2337-2353. doi:10.1063/1.341665 
Bädeker, K. (1907). On the electrical conductivity and thermoelectric power of some heavy metal 
compounds. Annalen der Physik, 327, 749-766. doi:10.1002/andp.19073270409 
Bandoli, G., Barreca, D., Gasparotto, A., Seraglia, R., Tondello, E., Devi, A., . . . Tabacchi, G. 
(2009). An integrated experimental and theoretical investigation on Cu(hfa)2. TMEDA: 
structure, bonding and reactivity. Phys Chem Chem Phys, 11(28), 5998-6007. 
doi:10.1039/b904145a 
Banerjee, W., Maikap, S., Tien, T. C., Li, W. C., & Yang, J. R. (2011). Impact of metal nano 
layer thickness on tunneling oxide and memory performance of core-shell iridium-oxide 
nanocrystals. Journal of Applied Physics, 110(7), 074309. doi:10.1063/1.3642961 
Basic UV-Vis Theory, Concepts and Applications. (2018).   Retrieved from http://www.uni-
salzburg.at/fileadmin/oracle_file_imports/359201.PDF 
Bates, C. A. (1962). The Spin-Orbit Coupling of a 4p Electron in Cu III. Proceedings of the 
Physical Society, 79(1), 69.  
142 
Bioki, H. A., & Zarandi, M. B. (2011). Effects of annealing and thickness on the structural and 
optical properties of crystalline zns thin films prepared by pvd method. International 
Journal of Optics and Photonics, 5(2), 121-127.  
Bisquert, J. (2002). Theory of the Impedance of Electron Diffusion and Recombination in a Thin 
Layer. The Journal of Physical Chemistry B, 106(2), 325-333. doi:10.1021/jp011941g 
Bisquert, J. (2003). Chemical capacitance of nanostructured semiconductors: its origin and 
significance for nanocomposite solar cells. Physical Chemistry Chemical Physics, 5(24), 
5360-5364. doi:10.1039/B310907K 
Bisquert, J., Cahen, D., Hodes, G., Rühle, S., & Zaban, A. (2004). Physical Chemical Principles 
of Photovoltaic Conversion with Nanoparticulate, Mesoporous Dye-Sensitized Solar 
Cells. The Journal of Physical Chemistry B, 108(24), 8106-8118. doi:10.1021/jp0359283 
Bisquert, J., & Fabregat-Santiago, F. (2010). Impedance Spectroscopy: A General Introduction 
and Applications to Dye-sensitized Solar Cells. In K. Kalyanasundaram (Ed.), Dye-
sensitized Solar Cells (1st ed., pp. 457-554). Lausanne, Switzerland: EPFL. 
Bisquert, J., Fabregat-Santiago, F., Mora-Seró, I., Garcia-Belmonte, G., & Giménez, S. (2009). 
Electron Lifetime in Dye-Sensitized Solar Cells: Theory and Interpretation of 
Measurements. The Journal of Physical Chemistry C, 113(40), 17278-17290. 
doi:10.1021/jp9037649 
Bisquert, J., Garcia-Belmonte, G., Fabregat-Santiago, F., Ferriols, N. S., Bogdanoff, P., & 
Pereira, E. C. (2000). Doubling Exponent Models for the Analysis of Porous Film 
Electrodes by Impedance. Relaxation of TiO2 Nanoporous in Aqueous Solution. The 
Journal of Physical Chemistry B, 104(10), 2287-2298. doi:10.1021/jp993148h 
Blacha, A., Christensen, N. E., & Cardona, M. (1986). Electronic structure of the high-pressure 
modifications of CuCl, CuBr, and CuI. Physical Review B, 33(4), 2413-2421. 
doi:10.1103/PhysRevB.33.2413 
Boiocchi, M., & Fabbrizzi, L. (2014). Double-stranded dimetallic helicates: assembling-
disassembling driven by the Cu(I)/Cu(II) redox change and the principle of homochiral 
recognition. Chem Soc Rev, 43(6), 1835-1847. doi:10.1039/c3cs60428d 
Bonch-Bruevich, V. L. (1966). Chapter 4 Effect of Heavy Doping on the Semiconductor Band 
Structure. In R. K. Willardson & A. C. Beer (Eds.), Semiconductors and Semimetals (Vol. 
1, pp. 101-142): Elsevier. 
Braga, A., Giménez, S., Concina, I., Vomiero, A., & Mora-Seró, I. (2011). Panchromatic 
Sensitized Solar Cells Based on Metal Sulfide Quantum Dots Grown Directly on 
Nanostructured TiO2 Electrodes. The Journal of Physical Chemistry Letters, 2(5), 454-
460. doi:10.1021/jz2000112 
Broaddus, E., Brubaker, J., & Gold, S. A. (2013). Electrochemical Characterization of Platinum 
Nanotubules Made via Template Wetting Nanofabrication. International Journal of 
Electrochemistry, 2013, 1-7. doi:10.1155/2013/960513 
Byrne, O., Coughlan, A., Surolia, P. K., & Thampi, K. R. (2015). Succinonitrile-based solid-state 
electrolytes for dye-sensitised solar cells. Progress in Photovoltaics: Research and 
Applications, 23(4), 417-427. doi:10.1002/pip.2441 
143 
Candy, J.-P., Fouilloux, P., Keddam, M., & Takenouti, H. (1981). The characterization of porous 
electrodes by impedance measurements. Electrochimica Acta, 26(8), 1029-1034. 
doi:10.1016/0013-4686(81)85072-4 
Candy, J. P., Fouilloux, P., Keddam, M., & Takenouti, H. (1982). The pore texture of raney-
nickel determined by impedance measurements. Electrochimica Acta, 27(11), 1585-
1593. doi:10.1016/0013-4686(82)80084-4 
Cariati, E., Roberto, D., Ugo, R., Ford, P. C., Galli, S., & Sironi, A. (2005). New structural motifs, 
unusual quenching of the emission, and second harmonic generation of copper(I) iodide 
polymeric or oligomeric adducts with para-substituted pyridines or trans-stilbazoles. 
Inorg Chem, 44(11), 4077-4085. doi:10.1021/ic050143s 
Chakraborty, M., Chutia, H., & Changkakati, R. (2015). Serum Copper as a Marker of Disease 
Activity in Rheumatoid Arthritis. J Clin Diagn Res, 9(12), BC09-11. 
doi:10.7860/JCDR/2015/14851.7001 
Chen, C.-Y., Hsieh, C., Liao, C.-H., Chung, W.-L., Chen, H.-T., Cao, W., . . . Hu, X. (2012). 
Effects of overgrown p-layer on the emission characteristics of the InGaN/GaN quantum 
wells in a high-indium light-emitting diode. Optics Express, 20(10), 11321-11335. 
doi:10.1364/OE.20.011321 
Chen, D., Wang, Y., Lin, Z., Huang, J., Chen, X., Pan, D., & Huang, F. (2010). Growth Strategy 
and Physical Properties of the High Mobility P-Type CuI Crystal. Crystal Growth & 
Design, 10(5), 2057-2060. doi:10.1021/cg100270d 
Chen, G., Zhou, Y., Wang, X., Li, J., Xue, S., Liu, Y., . . . Wang, J. (2015). Construction of porous 
cationic frameworks by crosslinking polyhedral oligomeric silsesquioxane units with N-
heterocyclic linkers. Sci Rep, 5, 11236. doi:10.1038/srep11236 
Chen, W.-Y., Deng, L.-L., Dai, S.-M., Wang, X., Tian, C.-B., Zhan, X.-X., . . . Zheng, L.-S. 
(2015). Low-cost solution-processed copper iodide as an alternative to PEDOT:PSS hole 
transport layer for efficient and stable inverted planar heterojunction perovskite solar 
cells. J. Mater. Chem. A, 3(38), 19353-19359. doi:10.1039/c5ta05286f 
Churchill, M. R., Davies, G., El-Sayed, M., Fournier, J. A., Hutchinson, J. P., & Zubieta, J. A. 
(1984). Crystal and molecular structure of bis(.mu.-bromo)bis(N,N,N',N'-
tetraethylethylenediamine)dicopper(I) and the kinetics of its oxidation by dioxygen in 
nitrobenzene. Inorganic Chemistry, 23, 783. doi:10.1021/ic00174a029 
Conwell, E. M. (1996). Definition of exciton binding energy for conducting polymers. Synthetic 
Metals, 83(2), 101-102. doi:10.1016/S0379-6779(97)80061-6 
Costentin, C., Canales, J. C., Haddou, B., & Saveant, J. M. (2013). Electrochemistry of acids on 
platinum. Application to the reduction of carbon dioxide in the presence of pyridinium 
ion in water. J Am Chem Soc, 135(47), 17671-17674. doi:10.1021/ja407988w 
Datt, B. M., Suzuki, S., Sakurai, T., & Akimoto, K. (2011). Effect of doping on metal doped 
semiconductor. Current Applied Physics, 11(2), 188-190. doi:10.1016/j.cap.2010.07.004 
Davis, E. A., & Mott, N. F. (1970). Conduction in non-crystalline systems V. Conductivity, 
optical absorption and photoconductivity in amorphous semiconductors. Philosophical 
Magazine, 22(179), 0903-0922. doi:10.1080/14786437008221061 
144 
de Levie, R. (1963). On porous electrodes in electrolyte solutions: I. Capacitance effects. 
Electrochimica Acta, 8(10), 751-780. doi:10.1016/0013-4686(63)80042-0 
Delhi, I. (2012). In-situ characterization especially I-V characteristics and electrochemical 
impedance spectroscopy; Cyclic voltammetry; Current interruption technique. Retrieved 
from Introduction and Overview of Fuel Cell website: 
http://www.nptel.ac.in/courses/103102015/15 
Deng, Y., Zhang, G., Qi, X., Liu, C., Miller, J. T., Kropf, A. J., . . . Lei, A. (2015). Revealing the 
halide effect on the kinetics of the aerobic oxidation of Cu(i) to Cu(ii). Chem Commun 
(Camb), 51(2), 318-321. doi:10.1039/c4cc05720a 
Dualeh, A., Moehl, T., Nazeeruddin, M. K., & Grätzel, M. (2013). Temperature Dependence of 
Transport Properties of Spiro-MeOTAD as a Hole Transport Material in Solid-State Dye-
Sensitized Solar Cells. ACS Nano, 7(3), 2292-2301. doi:10.1021/nn4005473 
Dualeh, A., Moehl, T., Tétreault, N., Teuscher, J., Gao, P., Nazeeruddin, M. K., & Grätzel, M. 
(2014). Impedance Spectroscopic Analysis of Lead Iodide Perovskite-Sensitized Solid-
State Solar Cells. ACS Nano, 8(1), 362-373. doi:10.1021/nn404323g 
Dvorak, M., Wei, S. H., & Wu, Z. (2013). Origin of the variation of exciton binding energy in 
semiconductors. Phys Rev Lett, 110(1), 016402. doi:10.1103/PhysRevLett.110.016402 
Edgar, A., & Pantoja, A. (1998). Optical properties of CuCl particles in fluorozirconate glass. 
Journal of Non-Crystalline Solids, 242(2), 141-148. doi:10.1016/S0022-3093(98)00786-
8 
El-Shair, H. T., & Bekheet, A. E. (1992). Effect of heat treatment on the optical properties of In 
2 Se 3 thin films. Journal of Physics D: Applied Physics, 25(7), 1122.  
Engelhardt, L., Papasergio, R., & White, A. (1984). Lewis-Base Adducts of Group 1B Metal(1) 
Compounds. VII* Synthesis and Structures of the 1 : 1 Adducts of Copper(1) Halides 
with N, N, N', N'-Tetramethylethylenediamine. Australian Journal of Chemistry, 37, 
2207. doi:10.1071/CH9842207 
Erdemir, U. S., & Gucer, S. (2015). Bioaccessibility of Copper in Turkish Hazelnuts (Corylus 
avellana L.) by Chemical Fractionation and In Vitro Methods. Biol Trace Elem Res, 
167(1), 146-154. doi:10.1007/s12011-015-0281-z 
Espinosa, A., Sohail, M., Habib, M., Naveed, K., Saleem, M., Rehman, H., . . . Ahmad, S. (2015). 
Synthesis, crystal structure, theoretical calculations, and electrochemical and biological 
studies of polymeric (N,N,N′,N′-tetramethylethylenediamine)bis(thiocyanato-
κN)copper(II), [Cu(tmeda)(NCS)2]n. Polyhedron, 90, 252-257. 
doi:10.1016/j.poly.2015.02.017 
Fabregat-Santiago, F., Bisquert, J., Palomares, E., Haque, S. A., & Durrant, J. R. (2006). 
Impedance spectroscopy study of dye-sensitized solar cells with undoped spiro-
OMeTAD as hole conductor. Journal of Applied Physics, 100(3), 034510. 
doi:10.1063/1.2222063 
Fabregat-Santiago, F., Garcia-Belmonte, G., Bisquert, J., Bogdanoff, P., & Zaban, A. (2003). 
Mott-Schottky Analysis of Nanoporous Semiconductor Electrodes in Dielectric State 
Deposited on SnO[sub 2](F) Conducting Substrates. Journal of The Electrochemical 
Society, 150(6), E293. doi:10.1149/1.1568741 
145 
Fabregat-Santiago, F., Garcia-Belmonte, G., Bisquert, J., Zaban, A., & Salvador, P. (2002). 
Decoupling of Transport, Charge Storage, and Interfacial Charge Transfer in the 
Nanocrystalline TiO2/Electrolyte System by Impedance Methods. The Journal of 
Physical Chemistry B, 106(2), 334-339. doi:10.1021/jp0119429 
Fang, Y., Wang, Q., Huang, J., & Wu, T. (2014). Enhanced pore filling of spiro-OMeTAD by 
enlarging the porosity of TiO2 films and its effects on the photovoltaic performance of 
ss-DSCs. Applied Physics A, 118(4), 1339-1346. doi:10.1007/s00339-014-8883-4 
Fleming, P. D. (2012). Paper Engineering, Chemical Engineering and Imaging: The Gravure 
Doctor Blade.   Retrieved from http: //www.wmich.edu/pci/gravure/pp9.htm 
Ford, P. C., Cariati, E., & Bourassa, J. (1999). Photoluminescence properties of multinuclear 
copper(i) compounds. Chemical Reviews, 99, 3625−3647. doi:10.1021/cr960109i 
Franceschetti, D. R. (1994). Electrical network models for coupled charge transport. Solid State 
Ionics, 70-71, 542-547. doi:10.1016/0167-2738(94)90369-7 
Freedhoff, M. I., Marchetti, A. P., & McLendon, G. L. (1996). Optical properties of 
nanocrystalline silver halides. Journal of Luminescence, 70(1), 400-413. 
doi:10.1016/0022-2313(96)00074-9 
Frenkel, J. (1926). Über die Wärmebewegung in festen und flüssigen Körpern (About the thermal 
motion in solids and liquids). Zeitschrift für Physik, 35(8), 652-669. 
doi:10.1007/bf01379812 
Frenkel, J. (1938). On Pre-Breakdown Phenomena in Insulators and Electronic Semi-Conductors. 
Phys. Rev., 54, 647-648. doi:citeulike-article-id:9607315 
Gajewska, M. J., Ching, W. M., Wen, Y. S., & Hung, C. H. (2014). Synthesis, structure, and 
catecholase activity of bispyrazolylacetate copper(II) complexes. Dalton Trans, 43(39), 
14726-14736. doi:10.1039/c4dt01467g 
Gfroerer, T. H. (2011). Photoluminescence in Analysis of Surfaces and Interfaces. In R. A. 
Meyers (Ed.), Encyclopedia of Analytical Chemistry (pp. 9209-9231). Chichester: John 
Wiley & Sons Ltd. 
Gisi, B., Sakiroglu, S., Kasapoglu, E., Sari, H., & Sokmen, I. (2015). Spin–orbit interaction 
effects on the optical properties of quantum wires under the influence of in-plane 
magnetic fields. Superlattices and Microstructures, 86, 166-172. 
doi:10.1016/j.spmi.2015.06.046 
Golchoubian, H., Nazari, O., & Kariuki, B. (2011). Synthesis, Structure and Solvatochromism 
Studies on Copper(II) Complexes Containing Ethylenediamine, Pyridine and Imidazol 
Ligands. Journal of the Chinese Chemical Society, 58(1), 60-68. 
doi:10.1002/jccs.201190059 
Goldmann, A., & Westphal, D. (1983). Band structure and optical properties of CuCl: an angle-
resolved study of secondary electron emission. Journal of Physics C: Solid State Physics, 
16(7), 1335.  
Goodenough, J. B. (1968). Spin-Orbit-Coupling Effects in Transition-Metal Compounds. 
Physical Review, 171(2), 466-479. doi:10.1103/PhysRev.171.466 
146 
Grant, J., Buttar, C., Brozel, M., Keffous, A., Cheriet, A., Bourenane, K., . . . Menari, H. (2008). 
Lithium-drifted, silicon radiation detectors for harsh radiation environments. Journal of 
Materials Science: Materials in Electronics, 19(S1), 14-18. doi:10.1007/s10854-008-
9707-0 
Grundmann, M. (2015). Karl Bädeker (1877-1914) and the discovery of transparent conductive 
materials. physica status solidi (a), 212(7), 1409-1426. doi:10.1002/pssa.201431921 
Grundmann, M., Schein, F., Lorenz, M., Böntgen, T., Lenzner, J., & von Wenckstern, H. (2013). 
Cuprous iodide: A p-type transparent semiconductor, history, and novel applications. 
physica status solidi (a), n/a-n/a. doi:10.1002/pssa.201329349 
Gruzintsev, A. N., & Zagorodnev, W. N. (2012). Effect of annealing on the luminescence of p-
CuI crystals. Semiconductors, 46(2), 149-154. doi:10.1134/s1063782612020133 
Gu, M., Gao, P., Liu, X.-L., Huang, S.-M., Liu, B., Ni, C., . . . Ning, J.-m. (2010). Crystal growth 
and characterization of CuI single crystals by solvent evaporation technique. Materials 
Research Bulletin, 45(5), 636-639. doi:10.1016/j.materresbull.2010.01.005 
Gurney, R. W., & Mott, N. F. (1938). The Theory of the Photolysis of Silver Bromide and the 
Photographic Latent Image. Proceedings of the Royal Society of London. Series A - 
Mathematical and Physical Sciences, 164(917), 151. doi:10.1098/rspa.1938.0011 
Hagfeldt, A., & Peter, L. (2010). Characterization And Modeling Of Dye-Sensitized Solar Cells: 
A Toolbox Approach. In K. kalyanasundaram (Ed.), Dye-sensitized solar cells (pp. 323-
402). Lausanne, Switzerland: EPFL. 
Hagfeldt, A., & Peter, L. (2010). Characterization and Modeling of Dye-sensitized Solar Cells: 
A Toolbox Approach. In K. Kalyanasundaram (Ed.), Dye-sensitized Solar Cells (pp. 324-
402). Lausanne, Switzerland: EPFL. 
Hall, E. H. (1879). On a New Action of the Magnet on Electric Currents. American Journal of 
Mathematics, 2(3), 287-292. doi:10.2307/2369245 
Han, S., & Flewitt, A. J. (2017). Analysis of the Conduction Mechanism and Copper Vacancy 
Density in p-type Cu(2)O Thin Films. Scientific Reports, 7, 5766. doi:10.1038/s41598-
017-05893-x 
Hassanien, A. S., & Akl, A. A. (2016). Effect of Se addition on optical and electrical properties 
of chalcogenide CdSSe thin films. Superlattices and Microstructures, 89, 153-169. 
doi:10.1016/j.spmi.2015.10.044 
Hervé, P., & Vandamme, L. K. J. (1994). General relation between refractive index and energy 
gap in semiconductors. Infrared Physics & Technology, 35(4), 609-615. 
doi:10.1016/1350-4495(94)90026-4 
Hiramatsu, H., Ueda, K., Ohta, H., Hirano, M., Kamiya, T., & Hosono, H. (2003). Wide gap p-
type degenerate semiconductor: Mg-doped LaCuOSe. Thin Solid Films, 445(2), 304-308. 
doi:10.1016/S0040-6090(03)01173-8 
Hönerlage, B. (2009). I-VII-compounds: phases and lattice parameter, melting point. In U. 
Roessler (Ed.), New Data and Updates for I-VII, III-V, III-VI and IV-VI Compounds (pp. 
166-168). Berlin, Heidelberg: Springer Berlin Heidelberg. 
147 
Hönerlage, B. (2011). AgCl: band structure, density of states, band gap. In U. Rössler (Ed.), New 
Data and Updates for IV-IV, III-V, II-VI and I-VII Compounds, their Mixed Crystals and 
Diluted Magnetic Semiconductors (pp. 20-20). Berlin, Heidelberg: Springer Berlin 
Heidelberg. 
Hong, J., Hu, Z., Probert, M., Li, K., Lv, D., Yang, X., . . . Zhang, Z. (2015). Exploring atomic 
defects in molybdenum disulphide monolayers. Nat Commun, 6, 6293. 
doi:10.1038/ncomms7293 
Hong, J. S., Ryu, S. W., Hong, W. P., Kim, J. J., Kim, H. M., & Park, S. H. (2006). Exciton 
binding energies in wurtzite ZnO/MgZnO quantum wells. 324-325. 
doi:10.1109/nmdc.2006.4388749 
Huang, J., Huo, L. H., Deng, Z. P., & Gao, S. (2017). Influence of the [CuI]n (n = 2 and 6) clusters 
and conformations of flexible bis(pyridyl) ligands on the topological structures and 
luminescent properties of cuprous iodide complexes. Polyhedron, 122, 46-54. 
doi:10.1016/j.poly.2016.10.036 
Huo, S. H., Qian, M., Schaffer, G. B., & Crossin, E. (2011). 21 - Aluminium powder metallurgy 
A2 - Lumley, Roger Fundamentals of Aluminium Metallurgy (pp. 655-701): Woodhead 
Publishing. 
Ighodalo, K. O., Obi, D., Agbogu, A., Ezealigo, B. N., Nwanya, A. C., Mammah, S. L., . . . 
Ezema, F. I. (2017). The structural and optical properties of metallic doped copper (I) 
iodide thin films synthesized by SILAR method. Materials Research Bulletin, 94, 528-
536. doi:10.1016/j.materresbull.2017.06.032 
Inudo, S., Miyake, M., & Hirato, T. (2013). Electrical properties of CuI films prepared by spin 
coating. Physica Status Solidi A-Applications and Materials Science, 210(11), 2395-
2398. doi:10.1002/pssa.201329319 
Irving, H., & Williams, R. J. P. (1948). Order of stability of metal complexes. Nature, 162(4123), 
746-747. doi:doi:10.1038/162746a0 
Ito, S. (2011). Investigation of Dyes for Dye-Sensitized Solar Cells: Rhutenium -Complex dyes, 
Metal-Free Dyes, Metal-Complex Porphyrin Dyes and Natural Dyes. In L. A. 
Kosyachenko (Ed.), Solar Cells - Dye-Sensitized Devices (2014 ed., pp. 19-48). Rijeka, 
Croatia: InTech. 
Ito, S., Tanaka, S., Vahlman, H., Nishino, H., Manabe, K., & Lund, P. (2014). Carbon-double-
bond-free printed solar cells from TiO(2)/CH(3)NH(3)PbI(3)/CuSCN/Au: structural 
control and photoaging effects. Chemphyschem, 15(6), 1194-1200. 
doi:10.1002/cphc.201301047 
Jeng, M.-J., Wung, Y.-L., Chang, L.-B., & Chow, L. (2013). Particle Size Effects of TiO2Layers 
on the Solar Efficiency of Dye-Sensitized Solar Cells. International Journal of 
Photoenergy, 2013, 1-9. doi:10.1155/2013/563897 
Johan, M. R., Si-Wen, K., Hawari, N., & Aznan, N. A. K. (2012). Synthesis and characterization 
of copper (I) iodide nanoparticles via chemical route. International Journal of 
Electrochemical Science, 7, 4942-4950.  
Johan, M. R., Suan, M. S. M., Hawari, N. L., & Ching, H. A. (2011). Annealing Effects on the 
Properties of Copper Oxide Thin Films Prepared by Chemical Deposition. International 
Journal of Electrochemical Science, 6, 6094 - 6104.  
148 
Kang, H. L., Liu, R., Chen, K. L., Zheng, Y. F., & Xu, Z. D. (2010). Electrodeposition and optical 
properties of highly oriented gamma-CuI thin films. Electrochimica Acta, 55(27), 8121-
8125. doi:10.1016/j.electacta.2010.02.072 
Kasap, S. (2008). Hall Effect in Semiconductors. Retrieved from WebCite website: http: 
//mems.caltech.edu/courses/EE40%20Web%20Files/Supplements/02_Hall_Effect_Deri
vation.pdf  
Katsounaros, I., Schneider, W. B., Meier, J. C., Benedikt, U., Biedermann, P. U., Auer, A. A., & 
Mayrhofer, K. J. (2012). Hydrogen peroxide electrochemistry on platinum: towards 
understanding the oxygen reduction reaction mechanism. Phys Chem Chem Phys, 14(20), 
7384-7391. doi:10.1039/c2cp40616k 
Kawazoe, H., Yasukawa, M., Hyodo, H., Kurita, M., Yanagi, H., & Hosono, H. (1997). P-type 
electrical conduction in transparent thin films of CuAlO2. Nature, 389, 939. 
doi:10.1038/40087 
Kawazu, Y., Hoke, H., Yamada, Y., Umecky, T., Ozutsumi, K., & Takamuku, T. (2017). 
Complex formation of nickel(ii) with dimethyl sulfoxide, methanol, and acetonitrile in a 
TFSA--based ionic liquid of [C2mim][TFSA]. Physical Chemistry Chemical Physics, 
19(46), 31335-31344. doi:10.1039/C7CP06469A 
Keen, D. A., & Hull, S. (1995). The high-temperature structural behaviour of copper(I) iodide. 
Journal of Physics: Condensed Matter, 7, 5793-5804. doi:10.1088/0953-8984/7/29/007 
Khatri, N. M., Pablico-Lansigan, M. H., Boncher, W. L., Mertzman, J. E., Labatete, A. C., 
Grande, L. M., . . . Stoll, S. L. (2016). Luminescence and Nonlinear Optical Properties 
in Copper(I) Halide Extended Networks. Inorganic Chemistry, 55(21), 11408-11417. 
doi:10.1021/acs.inorgchem.6b01879 
Kim, H. S., Lee, C. R., Im, J. H., Lee, K. B., Moehl, T., Marchioro, A., . . . Park, N. G. (2012). 
Lead iodide perovskite sensitized all-solid-state submicron thin film mesoscopic solar 
cell with efficiency exceeding 9%. Sci Rep, 2, 591. doi:10.1038/srep00591 
Kim, J. I., Kim, H. Y., Inamura, T., Hosoda, H., & Miyazaki, S. (2006). Effect of Annealing 
Temperature on Microstructure and Shape Memory Characteristics of 
Ti&ndash;22Nb&ndash;6Zr(at%) Biomedical Alloy. MATERIALS TRANSACTIONS, 
47(3), 505-512. doi:10.2320/matertrans.47.505 
Kivelson, D., & Neiman, R. (1961). ESR Studies on the Bonding in Copper Complexes. The 
Journal of Chemical Physics, 35(1), 149-155. doi:10.1063/1.1731880 
Kochowski, S., & Nitsch, K. (2002). Description of the frequency behaviour of metal–SiO2–
GaAs structure characteristics by electrical equivalent circuit with constant phase 
element. Thin Solid Films, 415(1-2), 133-137. doi:10.1016/s0040-6090(02)00506-0 
Kocjan, A., Logar, M., & Shen, Z. (2017). The agglomeration, coalescence and sliding of 
nanoparticles, leading to the rapid sintering of zirconia nanoceramics. Sci Rep, 7(1), 
2541. doi:10.1038/s41598-017-02760-7 
Kongchoo, S., Chainok, K., Kantacha, A., & Wongnawa, S. (2017). Copper(II) complex as a 
precursor for formation of cyano-bridged pentanuclear FeIII-CuII bimetallic assembly: 
Synthesis, characterization, crystal structure and antibacterial activity. Journal of 
Chemical Sciences, 129(4), 431-440. doi:10.1007/s12039-017-1255-9 
149 
Konno, A., Kitagawa, T., Kida, H., Asoka Kumara, G. R., & Tennakone, K. (2005). The effect 
of particle size and conductivity of CuI layer on the performance of solid-state dye-
sensitized photovoltaic cells. Current Applied Physics, 5(2), 149-151. 
doi:10.1016/j.cap.2004.06.019 
Kosta, I., Azaceta, E., Yate, L., Cabañero, G., Grande, H., & Tena-Zaera, R. (2015). Cathodic 
electrochemical deposition of CuI from room temperature ionic liquid-based electrolytes. 
Electrochemistry Communications, 59, 20-23. doi:10.1016/j.elecom.2015.06.016 
Kozhummal, R., Yang, Y., Guder, F., Kucukbayrak, U. M., & Zacharias, M. (2013). Antisolvent 
crystallization approach to construction of CuI superstructures with defined geometries. 
ACS Nano, 7(3), 2820-2828. doi:10.1021/nn4003902 
Krašovec, U. O., Berginc, M., Hočevar, M., & Topič, M. (2009). Unique TiO2 paste for high 
efficiency dye-sensitized solar cells. Solar Energy Materials and Solar Cells, 93(3), 379-
381. doi:10.1016/j.solmat.2008.11.012 
Kuzmych, O., Johansson, E. M. J., Nonomura, K., Nyberg, T., Skompska, M., & Hagfeldt, A. 
(2014). Infiltration of Spiro-MeOTAD hole transporting material into nanotubular TiO2 
electrode for solid-state dye-sensitized solar cells. Materials Science and Engineering: 
B, 187, 67-74. doi:10.1016/j.mseb.2014.04.009 
Li, N., Shi, L., Wang, X., Guo, F., & Yan, C. (2011). Experimental Study of Closed System in 
the Chlorine Dioxide-Iodide-Sulfuric Acid Reaction by UV-Vis Spectrophotometric 
Method. Int J Anal Chem, 2011, 130102. doi:10.1155/2011/130102 
Li, S. L., & Zhang, X. M. (2014). Cu3I7 trimer and Cu4I8 tetramer based cuprous iodide 
polymorphs for efficient photocatalysis and luminescent sensing: unveiling possible 
hierarchical assembly mechanism. Inorg Chem, 53(16), 8376-8383. 
doi:10.1021/ic500822w 
Lin, G., Zhao, F., Zhao, Y., Zhang, D., Yang, L., Xue, X., . . . Zhang, L. (2016). Luminescence 
Properties and Mechanisms of CuI Thin Films Fabricated by Vapor Iodization of Copper 
Films. Materials (Basel), 9(12). doi:10.3390/ma9120990 
Liu, P., Xu, B., Karlsson, K. M., Zhang, J., Vlachopoulos, N., Boschloo, G., . . . Kloo, L. (2015). 
The combination of a new organic D–π–A dye with different organic hole-transport 
materials for efficient solid-state dye-sensitized solar cells. Journal of Materials 
Chemistry A, 3(8), 4420-4427. doi:10.1039/c4ta05774k 
Liu, Q., Li, C., Jiang, K., Song, Y., & Pei, J. (2014). A high-efficiency solid-state dye-sensitized 
solar cell with P3HT polymer as a hole conductor and an assistant sensitizer. 
Particuology, 15, 71-76. doi:10.1016/j.partic.2012.12.005 
Lucas, F. O., McNally, P. J., Daniels, S., & Taylor, D. M. (2009). Electrical properties of γ-CuCl 
thin films. Journal of Materials Science: Materials in Electronics, 20(1), 144-148. 
doi:10.1007/s10854-007-9494-z 
Luka, D. D. (2017). Dye-sensitized Solar Cells Based on Highly Porous TiO2 Films. (PhD), 
University of Nairobi, Nairobi. Retrieved from erepository.uonbi.ac.ke  
(180/97168/2015) 
150 
Luo, W., Zeng, C., Du, X., Leng, C., Yao, W., Shi, H., . . . Lu, S. (2018). Copper 
thiocyanate/copper iodide based hole transport composites with balanced properties for 
efficient polymer light-emitting diodes. Journal of Materials Chemistry C, 6(18), 4895-
4902. doi:10.1039/C7TC04842D 
Macdonald, J. R. (1992). Impedance spectroscopy. Ann Biomed Eng, 20(3), 289-305.  
Mahbubur Rahman, M., Chandra Deb Nath, N., & Lee, J.-J. (2015). Electrochemical Impedance 
Spectroscopic Analysis of Sensitization-Based Solar Cells. Israel Journal of Chemistry, 
55(9), 990-1001. doi:10.1002/ijch.201500007 
Marius, G., Fabian, K., Robert, K., Peter, S., Friedrich-Leonhard, S., Daniel, S., . . . Holger von, 
W. (2016). Oxide bipolar electronics: materials, devices and circuits. Journal of Physics 
D: Applied Physics, 49(21), 213001.  
McCranor, B. J., Szmacinski, H., Zeng, H. H., Stoddard, A. K., Hurst, T., Fierke, C. A., . . . 
Thompson, R. B. (2014). Fluorescence lifetime imaging of physiological free Cu(II) 
levels in live cells with a Cu(II)-selective carbonic anhydrase-based biosensor. 
Metallomics, 6(5), 1034-1042. doi:10.1039/c3mt00305a 
McKubre, M. C. H., & Macdonald, D. D. (2005). Impedance measurement techniques. In E. 
Barsoukov & J. R. Macdonald (Eds.), Impedance Spectroscopy: Theory, Experiment, and 
Application (2 ed., pp. 545-580). Hoboken, New Jersey: John Wiley & Sons. 
Merazga, A., Al-Subai, F., Albaradi, A. M., Badawi, A., Jaber, A. Y., & Alghamdi, A. A. B. 
(2016). Effect of sol–gel MgO spin-coating on the performance of TiO 2 -based dye-
sensitized solar cells. Materials Science in Semiconductor Processing, 41, 114-120. 
doi:10.1016/j.mssp.2015.08.026 
Mishra, A. K., & de Leeuw, N. H. (2016). CuO Surfaces and CO2 Activation: A Dispersion-
Corrected DFT+U Study. The Journal of Physical Chemistry C, 120(4), 2198-2214. 
doi:10.1021/acs.jpcc.5b10431 
Monchak, M. M., Goreshnik, E. A., & Mys’kiv, M. G. (2012). Architecture of framework 
copper(i) halide π-complexes with n-allyl-n,n,n′,n′-tetramethylethylenediaminium and 
n,n′-diallyl-n,n,n′,n′-tetramethylethylenediaminium: synthesis and crystal structure of 
[{c2h4n2(h+) × (ch3)4(c3h5)} cu4cl6] and 
[{c2h4n2(ch3)4(c3h5)2}0.5cu2cl1.67br1.33]. Journal of Structural Chemistry, 119-124.  
Morgan, G. T., & Drew, H. D. K. (1920). CLXII.-Researches on residual afflnity and 
coordination. Part ii. Acetylacetonev of selenium and tellurium. Journal of the Chemical 
Society, Faraday Transaction, 117, 1456-1465. doi:doi.org/10.1039/CT9201701456 
Moss, T. S. (1950). A Relationship between the Refractive Index and the Infra-Red Threshold of 
Sensitivity for Photoconductors. Proceedings of the Physical Society. Section B, 63(3), 
167.  
Murali, D. S., Kumar, S., Choudhary, R. J., Wadikar, A. D., Jain, M. K., & Subrahmanyam, A. 
(2015). Synthesis of Cu2O from CuO thin films: Optical and electrical properties. AIP 
Advances, 5(4), 047143. doi:10.1063/1.4919323 
Muralidharan, V. S. (1997). Warburg impedance ‐ basics revisited. Anti-Corrosion Methods and 
Materials, 44(1), 26-29. doi:10.1108/00035599710157387 
151 
Nagli, L., Bunimovich, D., Shmilevich, A., Kristianpoller, N., & Katzir, A. (1993). Optical 
properties of mixed silver halide crystals and fibers. Journal of Applied Physics, 74(9), 
5737-5741. doi:10.1063/1.354191 
Nazeeruddin, M. K., Kay, A., Rodicio, I., Humphry-Baker, R., Muller, E., Liska, P., . . . Grätzel, 
M. (1993). Conversion of Light to Electricity by cis-XzBis( 2,2’-bipyridyl-4,4’-
dicarboxylate)ruthenium( 11) Charge-Transfer Sensitizers (X = C1-, Br-, I-, CN-, and 
SCN-) on Nanocrystalline Ti02 Electrodes. Journal of the American Chemical Society, 
115, 6382-6390.  
Nejand, B. A., Ahmadi, V., & Shahverdi, H. R. (2014). Growth of plate like γ-CuI nanostructure 
on copper substrate by hydrothermal evaporation of solution. Materials Letters, 132, 138-
140. doi:10.1016/j.matlet.2014.06.046 
O'Regan, B., & Grätzel, M. (1991). A low cost high-efficiency solar cell based on dye-sensitized 
colloidal TiO2 films. Nature, 353, 737-739.  
Okubo, T., Himoto, K., Tanishima, K., Fukuda, S., Noda, Y., Nakayama, M., . . . Kuroda-Sowa, 
T. (2018). Crystal Structure and Band-Gap Engineering of a Semiconducting 
Coordination Polymer Consisting of Copper(I) Bromide and a Bridging Acceptor 
Ligand. Inorg Chem, 57(5), 2373-2376. doi:10.1021/acs.inorgchem.7b02923 
Orazem, M. E., & Tribollet, B. (2008a). Diffusion Impedance Electrochemical Impedance 
Spectroscopy (pp. 189-190). New Jersey: John Wiley & Sons. 
Orazem, M. E., & Tribollet, B. (2008b). The Electrochemical Society Series. New Jersey: John 
Wiley & Sons. 
Ostwald, W. (1897). Studien über die Bildung und Umwandlung fester Körper Zeitschrift für 
Physikalische Chemie (Vol. 22U, pp. 289). 
Paasch, G., Micka, K., & Gersdorf, P. (1993). Theory of the electrochemical impedance of 
macrohomogeneous porous electrodes. Electrochimica Acta, 38(18), 2653-2662. 
doi:10.1016/0013-4686(93)85083-B 
Pan, J., Yang, S., Li, Y., Han, L., Li, X., & Cui, Y. (2009). CuI Crystal Growth in Acetonitrile 
Solvent by the Cycle-Evaporation Method. Crystal Growth & Design, 9(9), 3825-3827. 
doi:10.1021/cg900775a 
Patel, P. K., Yadav, K. L., & Kaur, G. (2014). Reduced dielectric loss in 
Ba0.95Sr0.05(Fe0.5Nb0.5)O3 thin film grown by pulsed laser deposition. Rsc Advances, 
4(53), 28056. doi:10.1039/c4ra03502j 
Peedikakkandy, L., & Bhargava, P. (2015). Recrystallization and phase stability study of cesium 
tin iodide for application as a hole transporter in dye sensitized solar cells. Materials 
Science in Semiconductor Processing, 33, 103-109. doi:10.1016/j.mssp.2015.01.023 
Peng, R., Li, M., & Li, D. (2010). Copper(I) halides: A versatile family in coordination chemistry 
and crystal engineering. Coordination Chemistry Reviews, 254(1-2), 1-18. 
doi:10.1016/j.ccr.2009.10.003 
Perera, V. P. S., & Tennakone, K. (2003). Recombination processes in dye-sensitized solid-state 
solar cells with CuI as the hole collector. Solar Energy Materials and Solar Cells, 79(2), 
249-255. doi:10.1016/s0927-0248(03)00103-x 
152 
Persky, N. S., Chow, J. M., Poschmann, K. A., Lacuesta, N. N., Stoll, S. L., Bott, S. G., & Obrey, 
S. (2001). Hydrothermal Syntheses, Structures, and Properties of [Cu3Cl2CN(pyrazine)] 
and Copper(I) Halide Pyrazine Polymers. Inorganic Chemistry, 40(1), 29-35. 
doi:10.1021/ic000185a 
Pishtshev, A., & Karazhanov, S. Z. (2017). Structure-property relationships in cubic cuprous 
iodide: A novel view on stability, chemical bonding, and electronic properties. The 
Journal of Chemical Physics, 146(6), 064706. doi:10.1063/1.4975176 
Prakash, T. (2011). Influence of temperature on physical properties of copper(I) iodide. Advanced 
Materials Letters, 2(2), 131-135. doi:10.5185/amlett.2011.1208 
Prince, B. J., Turnbull, M. M., & Willett, R. D. (2003). Copper(II) Halide Complexes of 2-
Aminopyrimidines: Crystal Structures of [(2-aminopyrimidine) n CuCl2] (n=1,2) and (2-
amino-5-bromopyrimidine)2CuBr2. Journal of Coordination Chemistry, 56(5), 441-452. 
doi:10.1080/0095897031000099983 
Qin, Y., & Peng, Q. (2012). Ruthenium Sensitizers and Their Applications in Dye-Sensitized 
Solar Cells. International Journal of Photoenergy, 2012, 1-21. doi:10.1155/2012/291579 
Quan, L., Sun, T., Lin, W., Guan, X., Zheng, M., Xie, Z., & Jing, X. (2014). BODIPY fluorescent 
chemosensor for Cu2+ detection and its applications in living cells: fast response and 
high sensitivity. J Fluoresc, 24(3), 841-846. doi:10.1007/s10895-014-1360-9 
Raebiger, H., Lany, S., & Zunger, A. (2007). Origins of the $p$-type nature and cation deficiency 
in ${\mathrm{Cu}}_{2}\mathrm{O}$ and related materials. Physical Review B, 76(4), 
045209.  
Ranasinghe, C. S. K., Jayaweera, E. N., Kumara, G. R. A., Bandara, H. M. N., & Rajapakse, R. 
M. G. (2014). Development of Dye-Sensitized Solid-StateZnO/D149/CuSCNSolar Cell. 
International Journal of Nanoscience, 13(04), 1440007. 
doi:10.1142/s0219581x14400079 
Ranasinghe, C. S. K., Jayaweera, E. N., Kumara, G. R. A., Rajapakse, R. M. G., Onwona-
Agyeman, B., Perera, A. G. U., & Tennakone, K. (2015). Tin oxide based dye-sensitized 
solid-state solar cells: surface passivation for suppression of recombination. Materials 
Science in Semiconductor Processing, 40, 890-895. doi:10.1016/j.mssp.2015.07.042 
Ribeiro, D. V., Souza, C. A. C., & Abrantes, J. C. C. (2015). Use of Electrochemical Impedance 
Spectroscopy (EIS) to monitoring the corrosion of reinforced concrete. Revista 
IBRACON de Estruturas e Materiais, 8(4), 529-546. doi:10.1590/s1983-
41952015000400007 
Rossington, C. S., Walton, J. T., & Jaklevic, J. M. (1991). Si(Li) detectors with thin dead layers 
for low energy X-ray detection. IEEE Transactions on Nuclear Science, 38(2), 239-243. 
doi:10.1109/23.289303 
Rottländer, P., Hehn, M., & Schuhl, A. (2002). Determining the interfacial barrier height and its 
relation to tunnel magnetoresistance. Physical Review B, 65(5), 054422. 
doi:10.1103/PhysRevB.65.054422 
Rusop, M., Shirata, T., Sirimanne, P. M., Soga, T., & Jimbo, T. (2003). Properties Of CuI Films 
In The Power Output Of TiO2|Dye|CuI cells. Paper presented at the 3rd World 
Conference on Photovoltaic Energy Conversion, Osaka, Japan. 
153 
Sacco, A. (2017). Electrochemical impedance spectroscopy: Fundamentals and application in 
dye-sensitized solar cells. Renewable and Sustainable Energy Reviews, 79, 814-829. 
doi:10.1016/j.rser.2017.05.159 
Safko, J. P., Kuperstock, J. E., McCullough, S. M., Noviello, A. M., Li, X., Killarney, J. P., . . . 
Pike, R. D. (2012). Network formation and photoluminescence in copper(I) halide 
complexes with substituted piperazine ligands. Dalton Trans, 41(38), 11663-11674. 
doi:10.1039/c2dt31241g 
Saini, A., Sharma, R. P., Kumar, S., Venugopalan, P., Gubanov, A. I., & Smolentsev, A. I. (2015). 
Two new isomeric copper(II) complexes: Syntheses, spectroscopic characterization, 
single crystal X-ray structure determination and packing analyses of [Cu(L1/L2)2 
(TEMED)], where L1=4-chloro-2-nitrobenzoate, L2=5-chloro-2-nitrobenzoate and 
TEMED=N,N,N′,N′-tetramethylethylenediamine. Polyhedron, 100, 155-163. 
doi:10.1016/j.poly.2015.06.034 
Sakamoto, H., Igarashi, S., Uchida, M., Niume, K., & Nagai, M. (2012). Highly efficient all solid 
state dye-sensitized solar cells by the specific interaction of CuI with NCS groups II. 
Enhancement of the photovoltaic characteristics. Organic Electronics, 13(3), 514-518. 
doi:10.1016/j.orgel.2011.11.017 
Samokhvalov, A. A., & Viglin, N. A. (1993). Low-mobility charge carriers in CuO. JETP, 463-
468.  
Sarker, S., Ahammad, A. J. S., Seo, H. W., & Kim, D. M. (2014). Electrochemical Impedance 
Spectra of Dye-Sensitized Solar Cells: Fundamentals and Spreadsheet Calculation. 
International Journal of Photoenergy, 2014, 17. doi:10.1155/2014/851705 
Schleicher, F., Halisdemir, U., Lacour, D., Gallart, M., Boukari, S., Schmerber, G., . . . Bowen, 
M. (2014). Localized states in advanced dielectrics from the vantage of spin- and 
symmetry-polarized tunnelling across MgO. Nature Communications, 5, 4547. 
doi:10.1038/ncomms5547 
Schröter, H. (1931). Über die Brechungsindizes einiger Schwermetallhalogenide im Sichtbaren 
und die Berechnung von Interpolationsformeln für den Dispersionsverlauf. Zeitschrift für 
Physik, 67(1), 24-36. doi:10.1007/BF01391040 
Shan, Y., Li, G., Tian, G., Han, J., Wang, C., Liu, S., . . . Yang, Y. (2009). Description of the 
phase transitions of cuprous iodide. Journal of Alloys and Compounds, 477(1-2), 403-
406. doi:10.1016/j.jallcom.2008.10.026 
Sharma, B., & Rabinal, M. K. (2013). Ambient synthesis and optoelectronic properties of copper 
iodide semiconductor nanoparticles. Journal of Alloys and Compounds, 556, 198-202. 
doi:10.1016/j.jallcom.2012.12.120 
Sharma, R. P., Saini, A., Kumar, S., Venugopalan, P., & Ferretti, V. (2014). Synthesis, 
characterization, single crystal structure and DFT calculations of 
[Cu(temed)(H2O)4](1,5-napthalenedisulphonate)⋅2H2O. Journal of Molecular 
Structure, 1067, 210-215. doi:10.1016/j.molstruc.2014.03.034 
Singh, T., Pandya, D. K., & Singh, R. (2011). Annealing studies on the structural and optical 
properties of electrodeposited CdO thin films. Materials Chemistry and Physics, 130(3), 
1366-1371. doi:10.1016/j.matchemphys.2011.09.035 
154 
Stojilovic, N. (2012). Why Can’t We See Hydrogen in X-ray Photoelectron Spectroscopy? 
Journal of Chemical Education, 89(10), 1331-1332. doi:10.1021/ed300057j 
Suriwong, T., Thongtem, T., & Thongtem, S. (2015). CuAlO2 powder dispersed in composite 
gel electrolyte for application in quasi-solid state dye-sensitized solar cells. Materials 
Science in Semiconductor Processing, 39, 348-354. doi:10.1016/j.mssp.2015.05.010 
Taha, A., Farag, A. A., Ammar, A. H., & Ahmed, H. M. (2014). Structural, molecular orbital and 
optical characterizations of binuclear mixed ligand copper (II) complex of phthalate with 
N,N,N',N'-tetramethylethylenediamine and its applications. Spectrochim Acta A Mol 
Biomol Spectrosc, 130, 494-501. doi:10.1016/j.saa.2014.03.122 
Tauc, J. (1968). Optical properties and electronic structure of amorphous ge and si. Material 
Research Bulletin, 3, 37-46.  
Tennakone, K., Kumara, G. R. A., Kottegoda, I. R. M., Perera, V. P. S., Aponsu, G. M. L. P., & 
Wijayantha, K. G. U. (1998). Deposition of thin conducting films of CuI on glass. Solar 
Energy Materials and Solar Cells, 55, 283-289.  
Tennakone, K., Kumara, G. R. A., Kumarasinghe, A. R., Wijayantha, K. G. U., & Sirimanne, P. 
M. (1995). A dye-sensitized nano-porous solid-state photovoltaic cell. Semiconductor 
Science and Technology, 10, 1689-1693.  
Tintu, R., Nampoori, V. P. N., Radhakrishnan, P., & Thomas, S. (2010). Nonlinear optical studies 
on nanocolloidal Ga–Sb–Ge–Se chalcogenide glass. Journal of Applied Physics, 108(7), 
073525. doi:10.1063/1.3481097 
Tripathy, S. K. (2015). Refractive Indices of Semiconductors from Energy gaps.  
Tripathy, S. K., & Pattanaik, A. (2016). Optical and electronic properties of some semiconductors 
from energy gaps. Optical Materials, 53, 123-133. doi:10.1016/j.optmat.2016.01.012 
Tsekouras, G., Mozer, A. J., & Wallace, G. G. (2008). Enhanced Performance of Dye Sensitized 
Solar Cells Utilizing Platinum Electrodeposit Counter Electrodes. Journal of The 
Electrochemical Society, 155(7), K124-K128. doi:10.1149/1.2919107 
Varma, I. K., Saxena, S., Tripathi, A., & Varma, D. S. (1988). Effect of metal halides on the 
electrical properties of polyimides. Polymer, 29(3), 559-565. doi:10.1016/0032-
3861(88)90378-3 
Vaseghi, B., Rezaei, G., & Malian, M. (2013). Spin–orbit interaction effects on the optical 
properties of spherical quantum dot. Optics Communications, 287, 241-244. 
doi:10.1016/j.optcom.2012.09.039 
Vavilov, V. S. (1994). Physics and applications of wide bandgap semiconductors. Physics-
Uspekhi, 37(3), 269.  
Vishwanath, R. S., & Kandaiah, S. (2016). Electrochemical preparation of crystalline γ-CuI thin 
films through potential-controlled anodization of copper and its photoelectrochemical 
investigations. Journal of Solid State Electrochemistry, 20(7), 2093-2102. 
doi:10.1007/s10008-016-3218-3 
Wachi, S., & Jones, A. G. (1992). Dynamic modelling of particle size distribution and degree of 
agglomeration during precipitation. Chemical Engineering Science, 47(12), 3145-3148. 
doi:10.1016/0009-2509(92)87016-J 
155 
Wali, Q., Bakr, Z. H., Manshor, N. A., Fakharuddin, A., & Jose, R. (2016). SnO2–TiO2 hybrid 
nanofibers for efficient dye-sensitized solar cells. Solar Energy, 132, 395-404. 
doi:10.1016/j.solener.2016.03.037 
Wang, Q., & Ma, X. (2015). The Influence of Doping Ag on Photovoltaic Characteristic of CuI 
Film. Paper presented at the International Conference on Material Science and 
Application (ICMSA), Suzhou, PEOPLES R CHINA. 
Wang, X., Shen, Y., Xie, A., Qiu, L., Li, S., & Wang, Y. (2011). Novel structure CuI/PANI 
nanocomposites with bifunctions: superhydrophobicity and photocatalytic activity. 
Journal of Materials Chemistry, 21(26), 9641-9646. doi:10.1039/C0JM04558F 
Wang, X., Zhang, J., Zhang, K., Zou, W., & Chen, S. (2016). Facile fabrication of reduced 
graphene oxide/CuI/PANI nanocomposites with enhanced visible-light photocatalytic 
activity. Rsc Advances, 6(50), 44851-44858. doi:10.1039/c6ra08358g 
Wang, Y., Miska, P., Pilloud, D., Horwat, D., Mücklich, F., & Pierson, J. F. (2014). 
Transmittance enhancement and optical band gap widening of Cu2O thin films after air 
annealing. Journal of Applied Physics, 115(7), 073505. doi:10.1063/1.4865957 
Wannier, G. H. (1937). The Structure of Electronic Excitation Levels in Insulating Crystals. 
Physical Review, 52(3), 191-197. doi:10.1103/PhysRev.52.191 
White, J. J., & Straley, J. W. (1968). Optical Properties of Silver Chloride*. Journal of the Optical 
Society of America, 58(6), 759-763. doi:10.1364/JOSA.58.000759 
Wyckoff, R. W. G. (1982). Crystal structures Vol. 1. Vol. 1. Malabar, Fla: R.E. Krieger Pub. Co. 
Xia, M., Gu, M., Liu, X., Liu, B., Huang, S., & Ni, C. (2015). Electrical and luminescence 
properties of Zn2+ doped CuI thin films. Journal of Materials Science: Materials in 
Electronics, 26(4), 2629-2633. doi:10.1007/s10854-015-2735-7 
Yan, Y.-h., Liu, Y.-c., Fang, L., Lu, Z.-c., Li, Z.-b., & Zhou, S.-x. (2011). Growth of CuI buffer 
layer prepared by spraying method. Transactions of Nonferrous Metals Society of China, 
21(2), 359-363. doi:10.1016/S1003-6326(11)60722-X 
Yanagi, H., Inoue, S.-i., Ueda, K., Kawazoe, H., Hosono, H., & Hamada, N. (2000). Electronic 
structure and optoelectronic properties of transparent p-type conducting CuAlO2. 
Journal of Applied Physics, 88(7), 4159-4163. doi:10.1063/1.1308103 
Yang, C., Kneibeta, M., Lorenz, M., & Grundmann, M. (2016a). Room-temperature synthesized 
copper iodide thin film as degenerate p-type transparent conductor with a boosted figure 
of merit. Proc Natl Acad Sci U S A, 113(46), 12929-12933. 
doi:10.1073/pnas.1613643113 
Yang, C., Kneibeta, M., Lorenz, M., & Grundmann, M. (2016b). Room-Temperature synthesized 
copper iodide thin filmas degenerate p-Type transparent conductor with a boosted figure 
of merit. Proceedings of the National Academy of Sciences of the United States of 
America, 113(46), 12929-12933. doi:10.1073/pnas.1613643113 
Yang, N., Zhai, J., Wang, D., Chen, Y., & Jiang, L. (2010). Two-Dimensional Graphene Bridges 
Enhanced Photoinduced Charge Transport in Dye-Sensitized Solar Cells. ACS Nano, 
4(2), 887-894. doi:10.1021/nn901660v 
156 
Yang, Y., Liu, S., & Kimura, K. (2005). Synthesis of Well-dispersed CuI Nanoparticles from an 
Available Solution Precursor. Chemistry Letters, 34(8), 1158-1159. 
doi:10.1246/cl.2005.1158 
Yu, Y., Zhang, X. M., Ma, J. P., Liu, Q. K., Wang, P., & Dong, Y. B. (2014). Cu(I)-MOF: naked-
eye colorimetric sensor for humidity and formaldehyde in single-crystal-to-single-crystal 
fashion. Chem Commun (Camb), 50(12), 1444-1446. doi:10.1039/c3cc47723a 
Zainun, A. R., Mamat, M. H., Noor, U. M., & Rusop, M. (2011). Particles Size and Conductivity 
Study of P-Type Copper (I) Iodide (CuI) Thin Film for Solid State Dye-Sensitized Solar 
Cells. IOP Conference Series: Materials Science and Engineering, 17, 012009. 
doi:10.1088/1757-899x/17/1/012009 
Zainun, A. R., Mamat, M. H., Noor, U. M., & Rusop, M. (2013). Characterization of Copper (I) 
Iodide (CuI) Thin Film using TMED for Dye-Sensitized Solar Cells. Advanced Materials 
Research, 667, 447-451. doi:10.4028/ww.scientific.net/AMR.667.447 
Zhang, B., Zhang, J., Feng, M. L., Ye, X. Y., & Huang, X. Y. (2017). Synthesis, crystal structure 
and optical and photocatalytic properties of a discrete cuprous iodide compound with a 
transition metal complex cation. Jiegou Huaxue, 36(1), 25-32. doi:10.14102/j.cnki.0254-
5861.2011-1250 
Zhang, G., Yi, H., Zhang, G., Deng, Y., Bai, R., Zhang, H., . . . Lei, A. (2014). Direct observation 
of reduction of Cu(II) to Cu(I) by terminal alkynes. J Am Chem Soc, 136(3), 924-926. 
doi:10.1021/ja410756b 
Zhang, X. M., Hou, J. J., Guo, C. H., & Li, C. F. (2015). A new class of cuprous bromide cluster-
based hybrid materials: direct observation of the stepwise replacement of hydrogen bonds 
by coordination bonds. Inorg Chem, 54(2), 554-559. doi:10.1021/ic5024168 
Zhang, Y., Wu, T., Liu, R., Dou, T., Bu, X., & Feng, P. (2010). Three-Dimensional 
Photoluminescent Frameworks Constructed from Size-Tunable CuI Clusters. Crystal 
Growth & Design, 10(5), 2047-2049. doi:10.1021/cg1001978 
Zhang, Y. A., Strozier, J. A., & Ignatiev, A. (1996). Low-temperature photoluminescence of 
disordered thin-layer GaAs/AlAs superlattices: Experiment. Physical Review B, 53(11), 
7426-7433. doi:10.1103/PhysRevB.53.7426 
Zink, D. M., Volz, D., Baumann, T., Mydlak, M., Flügge, H., Friedrichs, J., . . . Bräse, S. (2013). 
Heteroleptic, Dinuclear Copper(I) Complexes for Application in Organic Light-Emitting 
Diodes. Chemistry Of Materials, 25(22), 4471-4486. doi:10.1021/cm4018375 
 
